Whether our universe with present day acceleration can eventually collapse is very interesting problem. We are also interesting in such problems, whether the universe is closed? Why it is so flat? How long to expend a period for a cycle of the universe? In this paper a simple "slow-fast" type of the quintessence potential is designed for the closed universe to realize the present acceleration of our universe and its eventual big collapse. A detail numerical simulation of the universe evolution demonstrates that it divides the seven stages, a very rich story. It is unexpected that the quintessential kinetic energy is dominated in the shrink stage of the universe with very rapid velocity of the energy increasing. A complete analytic analysis is given for each stage. Some very interesting new problems brought by this collapse are discussed. Therefore our model avoids naturally the future event horizon problem of the present accelerative expanding universe and maybe realize the infinite cycles of the universe, which supplies a mechanism to use naturally the anthropic principle. This paper shows that the understanding on the essence of the cosmological constant should contain a richer content.
I. INTRODUCTION
The birth and termination of the universe is a riddle for mankind. An old story is that a matter-dominated closed universe will shrink finally [1] , so that the universe begins its new big bang through a bounce, and repetition forever to realize infinite kinds of universes. However, this old idea was challenged by a fact known recently,
i.e., our present universe is accelerated expanding [2] . If the reason to cause the acceleration of the universe is the real cosmological constant, then the universe will be accelerated expanding forever, never shrink in its future, thus we can not see the cycle of the universe. It is believed generally that the appearance of the wisdom life needs some kind of adjustment of some physics parameters, so that we need many worlds to realize this adjustment, that is the anthropic principle [3] . If the universe never shrink, we have to invoke the concept of the chaotic inflation [4] . The universe is inflating eternally in a larger region, produces many many different worlds in a fractal manner. Today this new idea is very popular in the cosmologist community.
Comparing earnestly the old and new ideas, one can find out that the argument of the chaotic inflationary production of many universes owns some difficulty of mathematical description, and the old idea is more simple and clear.
We hope that our universe is accelerative in present and will shrink finally. The advantage of this idea is that the universe maybe stays in its infinite loop to realize many world scenario, that this model agrees with the present decisive astronomical observations, specially the cosmic microwave background radiation (CMBR) [5] , and that it avoid a difficulty about an event horizon for a perpetual accelerated universe [6] . In order for the universe to shrink finally there must be some negative energy in it, for instance, a negative cosmological constant or a positive-curvature negative-energy density. In the first case we need that the cosmological constant changes from the present positive value to the future negative one, thus the cosmological constant is not a true "constant" at all. It is better for us to accept the quintessence scheme [7] , which has a good basis of the field theory. Anyhow we hope to avoid a "true cosmological constant" further, no matter what it is positive or negative, which is a big obstacle to construct a string (M-) theory [8] . Therefore we take the vacuum of the quintessence, i.e., the minimum of its potential, to be the zero point of the energy, that is the true cosmological constant is zero absolutely for some unknown reason [9] . The force to shrink the universe is remained only as the positive-curvature negative-energy density, i.e., the universe is closed. In spite of the universe is closed, we shall show in the section 10 that a reasonable assumption from inflation of the early universe gives a very small non-flatness of the universe, which is unobservable at present.
It is a very interesting problem how to shrink finally for a closed universe, which has acceleration at present caused by a special quintessence. It should be known that for a generic quintessence, for instance with a pure inverse power law potential or a pure exponential one, it can not arrive the above goal. That the universe is accelerative at present and will shrink in future is to require that quintessence is a "(early) slow -(late) fast (rolling)" type. However, the inverse power quintessence is a "fast-slow" type, and the exponential quintessence is a "slow-slow" or "fastfast" ones. So that we must design a reasonable "slow-fast" quintessence. In this paper we do it in the section 2. This potential must have as simpler form and fewer parameters as possible. This special potential is called by us as "Niagara" one, since its configuration is very flat for its negative field value and falls very rapidly to the zero for its positive field value, and the quintessence rolls down from a high potential hill to a low valley without boundary.
Whether there is some new story about the evolution of the universe with our "Niagara potential"? Yes, some rich and wonderful scenario appears unexpectedly.
As a typical process from the Big Bang Neucleonsythesis (BBN) to the big collapse of the universe, the evolution may be divided into seven stages, as described in the section 3. The first and second stages are the radiation and matter dominated epochs respectively, which are familiar for us. The third stage is the quintessence potential energy dominated, and the universe stays in its accelerative phase, in which the quintessence rolls slowly with its negative field value (see analysis in the sections 4-5).
However, the quintessence rolls inevitably to its positive field value. When it passes through its turning point, the quintessence potential energy decreases suddenly, thus the quintessence kinetic energy will be dominated, and this is the fourth stage of the universe evolution, which is decelerated (see analysis in the section 6). Since the evolution law of the quintessence kinetic energy is faster than matter, when the cosmic scale factor expand to some value the quintessence kinetic energy will be approximately equal to the matter energy, the universe comes into its fifth phase, i.e., the "matter leading attractor" one, since its evolution law is like of matter and this new term will be explained in the section 7. Moreover, the evolution law of the matter energy is faster than the curvature energy, at some time the universe is dominated by the curvature energy, i.e., the sixth phase of the evolution (see analysis in the section 8). When the curvature negative energy cancels just all of other energies, the universe stop its expansion, and begin to shrink, i.e., the seventh phase. We note interestedly that when the universe begin to shrink, the quintessence kinetic energy, the matter one and the curvature one are all approximately equal.
As the universe shrinks, the quintessence kinetic energy increase more quickly than other form energies, soon after it the quintessence kinetic energy is dominated in the collapse universe, therefore the seventh phase of the universe evolution is the "quintessence kinetic energy collapse", it is very different from the old concept of the matter collapse (see analysis in the section 9). This will bring many interesting problems to deserve further investigation (see the section 11).
It is worth to be emphasized that it is very necessary to finish a numerical simulation in computer for a whole evolution process of the universe, otherwise we can not supply a time-scale concept for each stage and a diminishable scenario of the universe. We noted often that many seeming feasible models are actually impracticable, specially to obtain a suitable accelerative period and a reasonable age for the present universe. We give a detail result of the simulation of this seven stage evolution in this paper. We need not only the detail simulation (in the section 3), but also an analytic analysis for its essence in a manner of the quantitative estimation (in the sections 4-9).
The model parameters taken by us is only a special point of the wide parameter space in our model, however it is typical for an understanding of the essence of the evolution. To explore the various behavior of the whole parameter space is not the task of this paper. We only hope to express an idea about the present accelerated expanding universe still has a chance to shrink eventually. This opens a way to realize infinitely many universes. This kind of many universe is more simple and easy to be described in order to serve the anthropic principle. Finally we make a simple conclusion in the section 12, specially about interesting problems worth to be investigated further.
II. THE POTENTIAL OF THE QUINTESSENCE
We have announced that it is necessary to replace a true cosmological constant with the quintessence field φ. The quintessence potential we shall take in our model has the following form
When φ → −∞, the potential V (φ) approaches to M 4 0 , which emulates realistically a true cosmological constant, we take
GeV is the Planck energy scale. In other hand when φ is larger than zero, the potential V (φ) declines exponentially and approaches to zero quickly. The slow roll parameter of this potential is
The parameter λ will control the velocity of rolling. This potential is "slow-slow" type for λ < √ 2 and "slow-fast" one for λ > √ 2. In our model we take λ = 2 as a typical analysis. Due to the shape of this potential likes the Niagara fall, we call it as "Niagara potential". The field value φ = 0.44M p is the turning point between the slow and fast rolling. When φ < 0.44M p the quintessence is slow roll with ǫ < 1 and when φ > 0.44M p it rolls fast with ǫ > 1. The model with λ = 2 is a typical "slow-fast" potential.
The potential of the inverse power law M 4+α 0 φ −α of the quintessence is the "fastslow" type which can realize the interesting tracker solution [10] . The pure exponential potential exp(λφ/M p ) is "slow-slow" one for λ < √ 2 and "fast-fast" for λ > √ 2.
Of course we can design a more compound "fast-slow-fast" potential to realize both tracker and shrinkage, but this is not a purpose of this paper.
III. THE SIMULATION OF THE UNIVERSE EVOLUTION
The whole evolution obeys the following famous equation, which was researched for thousands times in the literatures,
where H =ȧ/a is the Hubble parameter and a is the cosmic scale factor, t is the cosmic time, ρ φ = ρ k + ρ v is the quintessence (total) energy density, in it ρ k = φ 2 /2 is the quintessence kinetic one, ρ v =V (φ) is the quintessence potential one,
is the matter one, ρ r = ρ r0 (a/a 0 ) −4 is the radiation one, and
is the curvature one which is negative for a closed universe. We noted ρ m0 , ρ r0 , ρ c0 are the parameters of the model together with λ and M 0 , total five. A set of initial condition, a 0 , φ 0 ,φ 0 at the initial time t 0 , determines uniquely the whole evolution from the BBN to final constriction of the universe. As a typical analysis, we take the following parameters,
p for an almost realistic universe model. We shall see that it gives a set of the suitable parameters of the present universe.
The initial condition is taken as φ 0 = −2 in order to have an enough slow rolling, andφ 0 = 0, i.e., no roll at beginning, we shall see that this assumption is reasonable.
As for the curvature energy, we take ρ c0 = −10 −182 M 4 p , we shall explain why this value should have such a small magnitude orders. a 0 is arbitrary unit for a while, we shall determine which value it should have. If we know the values of a, φ andφ (it is determined by function φ(t)) at an arbitrary time t, we can calculate the values of all other 15 quantities at this time, such as H, ρ m , ρ r , ρ c , ρ k , ρ v , the various density ratios Ω j = ρ j /ρ crit , where the critical density is ρ crit = 3M 2 p H 2 , the quintessence
and the acceleration parameter q = aä/ȧ 2 in according to the formulae just given, as well as
The key is to obtain a, φ andφ as the functions of time. Remember that this principle can guide our later analytic analysis.
It is impossible to obtain the exact solution of the whole process of this set of equations Eqs. (3) and (4). We do a fine numerical simulation. The result is unexpectedly rich. The evolution divides seven stages, all listed numbers are obtained by computer calculation, the purpose that some numbers preserve their high precision form is for convenience in order to compare with the later analytic analysis.
The result of the simulation is mainly given in the Figs.1-4, the evolutions of q, a, φ andφ. Some quantities have too large magnitude orders, so that we have to use a double logarithmic coordinates. The seven stages of the evolution can clearly be seen in the figure of q value, as a feature quantity of the different stage. It is a pity that we are not able to put the wonderful evolution figures of all other 14 quantities in this paper for lack of a page space. Due to the continuity of the evolution process, the turning points among the different stages have to be chosen carefully, even subtly, otherwise it is not easy to obtain the good results in order to compare with the analytic analysis.
1) The radiation dominated epoch, from t 0 to t 1 = 0.6 × 10 55 M −1 p , where time t 1 is defined as ρ r1 = ρ m1 , i.e., the radiation-matter equal. The cosmic scale factor increases to a 1 = 1.2 × 10 6 a 0 . The quintessence field value is almost invariant
The acceleration parameter takes its value q (0→1) ≃ −1 and q 1 = −0.75, i.e., the universe is decelerated expanding in this stage. The quintessence state equation is almost w φ(0→1) ≃ −1.
2) The matter dominated epoch, from t 1 to t 2 = 0.86 × 10 60 M −1 p , where time t 2 is defined as ρ m2 = 2ρ v2 , i.e., the matter-"cosmological constant" approximately equal. The reason why we choose a coefficient 2 is that at this time the universe comes just into the accelerative phase, q 2 = 0.005. Before this point q (1→2) ≃ −0.5. 3) The "cosmological constant" dominated epoch, from t 2 to t 3 = 3.2
p , where time t 3 is defined as φ(t 3 ) ≃0, i.e., the ending of the quintessence slow rolling. In particular, this epoch contains a special point, our present universe, denoted as "u". We have t u = 1.56 × 10 60 M −1 p = 13Gyr, i.e., the universe age. Maybe you noted that this number solves the crisis of the universe age [11] due to the existence of the pseudo "cosmological constant". The time point t u is defined as ρ v (t u ) = p , where time t 6 is defined as H(t 6 ) =0, i.e., the absolute value of the curvature energy equals the sum of all other energies, called it as the "balanced point", and the scale factor of the universe arrive its maximum value a 6 = 4.5 × 10 90 a 0 . During this epoch the universe is still in the decelerated phase q 6 → −∞. The quintessence has φ 6 = 281.5M p ,φ 6 = 10 −181.67 M 2 p , w φ6 = 0.805. In fact the computer value of H 6 is not true zero due to lack of the calculation precision. In this point we have the interesting proportions ρ k6 /|ρ c6 | = 0.461, ρ m6 /|ρ c6 | = 0.489 and ρ v6 /|ρ c6 | = 0.050 for various energies. We avoid to use Ω j6 here due to their infinity at the balance point.
7) The big shrink epoch, from t 6 to t 8 ≃ 1.74t 6 for a rough estimation, where time t 8 is defined as a 8 ≃ 0, i.e., the cosmic scale factor shrinks suddenly to almost zero! However it is very difficult to look for this point t 8 in computer, instead of we choose another neighboring point t 7 = 1.47 × 10 182 M −1 p = 1.73t 6 to study the behavior of the cosmic constriction. At this point a 7 = 0.27 × 10 90 a 0 ≃ a 6 /17, indeed the universe is shrinking. We have φ 7 = 289.1M p ,φ 7 = 10 −178 M 2 p ≃ 4700φ 6 , w φ7 ≃ 1, i.e., the quintessence kinetic energy becomes large rapidly. The computer calculation gives Ω k7 = 0.99981 and Ω m7 = 0.00021, Ω c7 = −0.00003, the rests are almost zero, i.e., it is a "quintessence kinetic energy dominated shrink". This is a very interesting new result obtained by this paper! We shall illustrate its important meaning in later.
Maybe one notes that many terms and scenario have not been illustrated in above text. All things can be done in the following detail analysis, we need patience.
This numerical simulation demonstrates a vivid story of the universe evolution. In order to make one believe this simulation, we must do some convincing analytic analysis, and look for the profound relations between various data. We must answer the question such as what is the features of the balanced point, the essence and inevitability of the shrink, and the reason of the closed universe with sufficient flatness.
IV. THE EVOLUTION OF THE QUINTESSENCE IN THE RADIATION OR MATTER DOMINATED
At the first and second epochs we meet a problem how the quintessence evolves in the radiation or matter dominated environment, ρ n ≫ ρ φ ≫ |ρ c |, where ρ n = ρ n0 a −n with n = 3 for matter and n = 4 for radiation. Suppose the quintessence is in slow roll process, i.e., φ < 0 andφ ≃ 0. We have a ∝ t 2/n and H = 2/(nt), and from
Integrating it we obtain the time t e at which the quintessence ends its slow rolling from the initial value φ 0 to the final one φ e ≃ 0 (here index "e" means "end"),
It doesn't matter for this estimation to use φ e ≃ 0 rather φ e ≃ 0.44M p . The time t e must be larger than the present universe age t u . Otherwise, there is not an enough time to allow a phase in which the cosmological constant be dominated, since the quintessence already rolls fast. Once the quintessence comes into fast rolling, the evolutionary law of the quintessence will be changed, does not obey this formula rather the later Eq. (11) . From it we know that it is safe to take φ 0 = −2, since t e = 4.4t u . From Eq. (3) we also get the quintessence φ evolution of slow rolling in the matter or radiation dominated epochs
moreover which is also valid in the whole epoch of the quintessential slow rolling, even if the quintessence dominated, i.e., t 0 < t < t 3 . Using Eq. (8) we can estimate 
V. THE SLOW ROLLING QUINTESSENCE DOMINATED
At the third epoch we meet a problem how the quintessence evolves in the quintessence dominated, ρ φ ≫ ρ n ≫ |ρ c |, and ǫ < 1. This problem has been solved partly in the last section, here we concern the scale factor. This is a typical inflationary process a ∝ e
Ht with H ≃const., in which the quintessence rolls slowly from φ b ≃ φ 2 to φ e < ∼ 0.44M p (The index "b" means "begin" in this paper), we can use its standard formulas, i.e., the inflationary e-folding N is given by
Using it we have
and the time at which the quintessence slow rolling is terminated,
which must be larger than the present universe age t u .
However we are not able to analysis the data of the time point 3 for a while since it involves the next stage evolution. After we finish the analytic analysis of the next stage, we shall return back to do a theoretical estimation of the data of the third cosmic stage.
VI. THE QUINTESSENCE KINETIC ATTRACTOR
A question we face in the fourth stage of the universe evolution is the fast rolling quintessence dominated, i.e., from the time points 3 to 4, ρ φ ≫ ρ n ≫ |ρ c |, with φ > M p and ǫ > 1. It is unexpected that its solution is very simple
which can be easily checked by putting it into Eqs.(3) and (4), furthermore only this formula is still valid in the fifth and sixth stages, other formulae will different. Its character is that the quintessence state equation is w φ = λ 2 /3−1 and the evolution of the cosmic scale factor is a ∝ t 2λ −2 , the acceleration parameter q = 1 − λ 2 /2. When we take λ = 2 the evolution of this quintessence is just like radiation w r = 1/3, but it is only a fortuity. In this case its kinetic energy is twice of its potential,
It is seen clearly that there is not the decelerating of the universe for the "Niagara" quintessence with λ < √ 2.
Now a careful observation is needed for the slow-fast turning point. When the quintessence rolls slowly it obeys the evolution Eq. (8), and when it rolls fast it obeys the evolution Eq. (12) . Observing the neighbor of the point 3 of the simulation curve in the Fig.3 , which has a subtle transition, we have a good approximation about this point. We suppose that φ = φ − for t <t 3 and φ = φ + for t >t 3 and φ − = φ + for t =t 3 . These two curves intersect at the time pointt 3 , we can obtain the cross pointt 3 = 2.7 × 10 61 M 
VII. QUINTESSENCE-MATTER ATTRACTOR
A question we face in the fifth stage of the universe evolution is the fast rolling quintessence domination with the matter leading, i.e., from the time points 4 to 5,
Putting a ∝ t 2/n and H = 2/(nt) into Eqs. (3) and (4), we can find out that
This the attractor solution is given by Ref. [12] , we call it as the "matter leading attractor" if n = 3 and the "radiation leading" one for n = 4 due to their evolution be- 
VIII. THE STOP OF THE EXPANSION AND THE START OF THE SHRINK OF THE UNIVERSE
In the curvature energy dominated universe the curvature negative-energy will cancel strongly with the matter and quintessence energies, the Hubble parameter of the universe will become smaller and smaller. Ultimately, the Hubble parameter will become zero at the time point t 6 , and the universe stops its expansion,ȧ 6 = 0, which is the balanced point. The time t 6 is not far from the time t 5 , but very near, so that the values of the various parameters are not changed too much, a 6 ≃ a 5 , φ 6 ≃φ 5 , t 6 ≃ t 5 . We define the time difference τ ≡t − t 6 . Through the observation of the various curves of neighbor of the balanced point of the simulation, we find out the following expression is a good approximated solution for a narrow region
Putting it into Eqs. (3) and (4), we havė
One can check easily that the theoretical estimation data obtained by using theses formulas are almost same with the simulation data. Let us look at the Hubbel constant, H = −a −1 6ä6 τ , we have H > 0 when τ < 0 and H < 0 when τ > 0. The universe comes from the expansion to the shrinkage. It is very important that the sign of the Hubble parameter is changed, which turns the direction of the universe evolution.
IX. THE BIG SHRINK OF THE QUINTESSENCE KINETIC ENERGY DOMINATION
We have to note that at the balanced point, where a 6 is at a maximum of the cosmic scale factor, the proportion of the quintessence kinetic energy is not small, Ω k /Ω m = 0.94 (note that Ω k , Ω m → ∞ at this time point). Once the universe comes into its contractive phase, the proportion of the quintessence kinetic energy will increase rapidly. A good approximation for this phase is to set ρ v = ρ m = ρ r = ρ c = 0. This is a typical quintessence kinetic dominated model, the unique distinction is the sign of the Hubble parameter, which is now negative! But its evolution law is same, ρ k =φ 2 /2 ∝ a −6 , when the universe shrinks, the quintessence kinetic energy increases faster than any other energies. The just same behavior in the early expanding universe is used to construct a tracker solution [10] . The quintessence begins its speedy running at the very flat potential. Its running energy make universe to shrink more rapidly, and then the kinetic energy is higher. Using this simplification we obtain easily its solution for τ > t 7 − t 6 from Eqs. (3) and (4),
If any unforeseen does not happen, the universe will shrink to zero size a 8 = 0 during the time interval τ 8 = 2/3φ −1 6 M p ≃ 2t 6 from (18). In a view of the exponential time the universe shrinks to zero size almost suddenly. It is very different from the shrinkage of the matter dominated universe familiar for us. The time t 8 = t 7 + τ 8 ≃
10
182 M −1 p ≃ 10 122 t u is the life of a cycle of the universe in our model, which is an unimaginable very long time, but it is important that it is finite.
X. THE SOME CONJUNCTION ABOUT A SMALL INITIAL CURVATURE ENERGY
After rearrangement of the catenulate relations among the scale factors of the various evolution stages, we actually obtain a simple expression about the maximum cosmic scale factor for a cycle of the universe
i.e., it is mainly determined by the initial curvature energy. The formula is valid only if the a 6 is larger than a 3 , since only if the quintessence ends its slow rolling we are able to use this formula correctly. A focus question is why the curvature energy is so small in the initial condition? It involves a quite different stage of the universe evolution, i.e., the creation and inflation of the universe. We only can do a very simple discussions about this important problem since the major issue of this paper is about the present acceleration and the future constriction of the universe.
Suppose that we have a inflation field Φ which inflationary potential is the typical chaotic one [3] , i.e., V (Φ) = M 2 i Φ 2 /2 (here the index "i" means "inflation"). Suppose that the inflaton begins its inflation at the initial field value Φ b = 25M p and ends its inflation at the final value Φ e = √ 2M p with ǫ(Φ e ) = 1 in our model. We see that this Φ b is very far smaller than the critical value Φ chaotic > ∼ 300M p at which the universe star its true chaotic inflation behavior [13] . 68 a b , where a b is the size of the universe at its quantum creation.
